ABSTRACT A laboratory model of myiasis as a result of Dermatobia hominis (L.) larvae was developed using mice as hosts. Mice in three groups were each infested with one newly hatched larva and skin biopsies processed for histopathology at 4, 12, and 20 d postinfestation (dpi). Mice in three other groups were each subjected to implantation of one larva collected from an infested (donor) mouse at 4, 12, and 20 dpi. Skin lesions of these receptor mice were then assessed at 10, 14, and 6 d postimplantation (dpimp), respectively. The inßammatory process in infested mice at 4 dpi was discrete, consisting of a thin necrotic layer around the larva, edema, many neutrophils, few eosinophils, mast cells, and proliferation of Þbroblasts. At 12 dpi, there was a thicker necrotic layer, edema, many neutrophils and eosinophils, few mast cells, neoformation of capillaries, proliferation of the endothelium and Þbroblasts, and early stages of Þbrosis. These histopathological characteristics together with Þbrosis were observed over a large area of the lesion at 20 dpi. Mice submitted to larval implantations demonstrated similar skin histopathology to that seen in the infested rodents, 10 dpimp corresponding to 12 dpi and 6 or 14 dpimp to 20 dpi. In all mice, the progressive acute inßammatory process followed a sequence linked to factors such as size of larvae and presence of secretory-excretory products. Both infested mice and those implanted experimentally with D. hominis larvae were shown to be suitable models for the study of the parasite-host relationship in this important zoonotic myiasis.
The human bot ßy Dermatobia hominis is a native of the Neotropical region whose larvae produce zoonotic skin myiasis in mammals. These infestations occur most frequently in dogs and cattle (Roncalli 1984) , although epidemics of human cases have also been reported (Clyti et al. 2008) . Human bot ßy infestations in livestock produce enormous economic losses (Moya-Borja 2003) . In the mammal host, myiasis is manifested by an acute inßammatory cutaneous process (30 Ð 60 d), followed by scarring for ϳ2 wk after the larva exits the skin. Studies of the D. hominis larvae-host relationship under controlled conditions have been limited (Lello 2006; Gonç alves et al. 2007 Gonç alves et al. , 2009 Cardoso et al. 2009 ), with few descriptions of the histopathological aspects of myiasis in skin (OliveiraSequeira et al. 1996 , Pereira et al. 2001 , Pereira and Leite 2002 , Lello and Rosis 2003 . Considering the medical-veterinary importance of dermabiosis, we questioned whether mouse is a viable alternative model to study the inßammatory process of myiasis by D. hominis. Based on the assumptions mentioned above, and as a continuation of work reported in our previous paper (Leite et al. 2010) , the purpose of this study was to investigate the histopathology of mouse skin subjected to infestation and experimental implantation of D. hominis larvae.
Materials and Methods
Larvae of D. hominis reared in our laboratory were used to infest three groups, each consisting of six male adult Swiss mice (30 g). After infestation with one newly hatched larva per animal, skin biopsies of warbles were excised to collect larvae and associated tissues at 4, 12, or 20 d postinfestation (dpi). A fourth group of mice was used as a negative control (without infestation). Larvae collected from the infested mice were implanted in three other groups of mice (one larva per rodent), as previously reported (Leite et al. 2010) . Skin lesions from each group of receptor mice (4, 12, and 20 dpi) were biopsied at 10, 14, and 6 d postimplantation (dpimp), respectively. Four control groups of mice, one negative and three others, subjected to sham operations were also included in the study. Skin tissue biopsies were embedded in parafÞn; cut into 5-m-thick sections; and stained with hema-toxylin-eosin, Dominici, Masson, and Toluidine blue, as described previously (Pereira et al. 2001) .
The assays were approved by the Federal University of Minas Gerais Ethics Committee for the Care and Use of Laboratory Animals and carried out in accordance with the regulations described in the CommitteeÕs Manual of Guiding Principles.
Results
Infested Mice. Larvae in mice at 4 dpi were Þrst instar (L 1 ), those at 12 dpi second instar (L 2 ), and those at 20 dpi third instar (L 3 ). The small skin warble present at 4 dpi ( Fig. 1) showed a discrete inßamma-tory process extending from the dermis to the subcutaneous tissue, consisting of a thin necrotic layer around the larva, surrounded by edema, inÞltrate of neutrophils, small numbers of eosinophils, a few mast cells, and discrete proliferation of Þbroblasts. At 12 dpi, the lesion (Fig. 2 ) exhibited a larger necrotic area, edema, many neutrophils and eosinophils, few mast cells with degranulation, neoformation of capillaries, proliferation of Þbroblasts, and early Þbrosis. A ßow of serous exudates was seen ßowing onto the skin surface through the warble opening. The skin reaction at 20 dpi ( Fig. 3 ) was more extensive because of the larger size of the larva and the cavity it occupied. The thick necrotic layer was surrounded by edema, large numbers of bacteria, many neutrophils and eosinophils, degranulated mast cells, intense neoformation of capillaries, proliferation of Þbroblasts, and Þbrosis. At this stage, matter was exuded over the skin of the host. No inßammation reactions occurred in the skin of the negative control mice (data not shown).
Implanted Mice. Skin inßammatory reactions observed in the Þrst implanted group (10 dpimp) showed extensive necrosis surrounding the larva, large numbers of bacteria, edema, a predominance of neutrophils associated with microabscesses and eosinophils (among the muscles and adipose cells), few mast cells, neoformation of capillaries, proliferation of Þbro-blasts, and early stages of Þbrosis (Fig. 4) . The histopathology of the skin of the second group of mice at 14 dpimp displayed a large necrotic area close to the larva, intense inßammatory inÞltrate of neutrophils and eosinophils (showing capillary permeation), few mastocytes, exuberant neoformation of capillaries, proliferation of Þbroblasts, and Þbrosis (Fig. 5) . The third group of mice, parasitized by implanted L 3 larvae at 6 dpimp, displayed less intense histological changes than those described for the second group (Fig. 6) . 
Discussion
Although D. hominis larvae cause myiasis in mammals of several different orders in the Neotropics, rodents have not been identiÞed with human bot ßy infestations, the causative agents of rodent bot ßy myiasis being species of the genus Cuterebra (Slansky 2007) .
The large host spectrum of the D. hominis is unusual among the Oestridae, most members of the family being host speciÞc (Colwell et al. 2006 ). The Þrst study using laboratory mice as hosts of D. hominis larvae (Jobsen and Mourier 1972) described only the prepatent (25Ð35 d) stage of parasitism. We observed a similar prepatent period using mice as a model to study human bot ßy myiasis (Gonçalves et al. 2009 , Leite et al. 2010 .
Infestation. In the current study, infestations in mice were observed to produce a progressive acute inßammatory process linked to size of larvae and pres- ence of secretory-excretory products. Up to 4 dpi, mice infested with L 1 larvae exhibited a discrete inßammation, as previously described in rats (Pereira et al. 2001) . Afterward, myiasis in mice (at 12 dpi) showed a more expressive skin histopathology, demonstrating the typical features of acute inßammation as the hostÕs response against the L 2 , exacerbated by the initial parasitism by an L 1 larva. Such histopathological Þndings were similar to those described in previous work using rats simultaneously infested with four larvae (Pereira et al. 2001) . At 20 dpi, the large focal tissue response already demonstrated a reparative reaction based on the presence of activated Þ-broblasts and collagen Þbers.
At the onset of myiasis, neutrophils and particularly eosinophils were abundant among the inßammatory cells in mouse skin. This has also been reported in various other hosts experimentally infested with D. hominis larvae (Lello 2006) .
The mechanisms and consequences of eosinophil responses in experimental inßammatory models are currently the focus of discussions by several authors, although there have been few reports concerning bot ßy myiasis. The transient reactive skin eosinophilia reported in this work has been also observed in other acute diseases caused by both infective and noninfective agents (Blanchard and Rothenberg 2009, Valent 2009 ). Studies of the interaction between eosinophil and parasites have contributed signiÞcantly to the understanding of the role of eosinophils in inßamma-tory tissues. In parasitic diseases, eosinophils are able to recognize the helminth-immunomodulation agent and mount tissue inßammatory responses for host defense, or may suffer from the action of parasite secretory-excretory products that attenuate the eosinophilmediated inßammatory reaction for host survival. Therefore, the eosinophilopoetic effect is usually modulated by the most potent cytokines (e.g., interleukin-5, interleukin-3, and granulocyte-macrophage colony-stimulating factor) produced by T lymphocytes, mast cell, and tissue stromatic med cells, although the life span of eosinophils may be limited by helminth-derived peptides or proteases (Valent 2009 , Shin et al. 2010 . However, this needs to be further elucidated in future studies of dermatobiosis.
The few number of mast cells observed in infested mice and control group differed from the cutaneous mastocytosis described in rats (Pereira et al. 2001, Pereira and Leite 2002) . In contrast to the single infestations performed in the current study, the multiple infestations used by these authors may have intensiÞed the host inßammatory response.
Implantation. Continued development of D. hominis larvae in the host is the norm under Þeld or experimental conditions. Except for the L 1 parasitism (already described above, at 4 dpi), the nonrejection of implanted larva (Leite et al. 2010 ) is now shown as an individual larval-stage parasitism (L 2 or L 3 ) concerning skinÕs inßammatory reaction. The Þrst group of receptor mice had less intensive histopathological manifestations than those observed in mice infested at 12 or 20 dpi. In hosts that received L 2 (at Þnal stage), skin lesions were more similar to those of mice at 12 dpi than 20 dpi. Although they had already expressed necrosis around the larva, mice implanted with L 3 showed most similarity with those of 6 dpi after 6 d. The change from L 1 to L 2 and from L 2 to L 3 occurred after similar intervals in receptor and infested mice. This work supports that infested mice and those in which D. hominis larvae were implanted are both suitable models for the study of the parasite-host relationship in this important zoonotic myiasis. This model can be potentially used in different scientiÞc Þelds, including essays of dermatobiasis control. 
